A study was conducted during the period 2006/08 in the semi-arid rangeland of South Darfur State, Sudan at Eldien locality (latitudes 9°-30́ and 11°-45́ north and longitudes 25°-30ánd 27° east, ecologically in the low rainfall woodland savannah with an annual rainfall between 400-600 mm).. The objective of the study was to evaluate animal diet botanical composition in comparison with pasture species composition as indicators for pasture status in the area. Data were collected for pasture species composition (Parker loop method, 1955) and animal diet botanical composition (Van Dyne Method,1968) over two years both in early wet and late dry summer seasons. Results showed that diet botanical composition was composed of pure herbaceous plant species during rainy and early dry summer seasons and a mixture of browse and herbaceous species in the late dry summer season. Calcium in animal diet was present in a suitable concentration, whereas phosphorous was present at low concentration. Although the percent species composition of the natural pasture provides an indicator of range composition, animal diet botanical composition could be used as an indicator of the pasture status. Both parameters could be very useful in designing range management practices, such as selecting species required for reseeding deteriorated range and in identifying key species that will form a base for range management.
INTRODUCTION
Rangelands rank as a major land-type whether measured by size support for animal-based industries or as a source of stream flow and substantial portions of all major Continents are rangelands. Worldwide, 30 percent of the world land area is grassland (Stoddart, et. al (1975) . A more useful measure of the importance of rangeland area is the contribution they make to animal production (Box 1971) .
About 80% of the Sudanese population are in rural areas and are engaged in agriculture and highly mobile pastoral livestock production systems. In Sudan, 80-90% of the country livestock is possessed by nomadic tribes who depend on rangelands for livestock production. The livestock export contributes by almost 25-30% in the country national income (Darrag, 1990) . In arid zones, nomadic and transhumant (seminomadism) systems of livestock production prevail. In these systems high mobility for global grazing habit is the most efficient adaptation to the erratic rainfall .Movement from one area to another in search for good quality and quantity of feed and water is the rule. Transhumant or semi-nomadic systems have a home base, although they too are very mobile, with the majority of animals and the family away for several months and only 2-6 lactating cows are left at the base to provide milk for sale and for the utilization of the aged parents left behind. Feed from crop residues provide the main energy source during and shortly after the harvesting periods.
Open grazing is considered as a form of range utilization by nomads, which is the grazing of animals on a communal rangelands and communal resource base, under the concept that: range, water and lands are no ones property. Hans Rothenberg (1976) defined open grazing as the communal use of the grassland which allows every one to send any number of animals to the tribal or communal pastures. The pastures grazed by animals is freely available to all livestock of every tribe. Large number of animals using the free range resources at any time in any place, and the locations of these resources is determined by the herders.
Free grazing of rangelands is the most common feeding system for livestock production in Sudan. During the short wet season grasses grow and mature rapidly, producing abundant biomass, but with the onset of the dry season both quantity and quality of the pasture herbage decline and fail to meat the maintenance requirement of grazing animals. Harrison (1955) defined and classified the vegetation zone of the low rainfall woodland savannah as part of open grazing land of the Baggara country in western Sudan and showed that this land is composed of grasses with bushes. Jackson and Harrison (1958) reported the effect of open grazing as overgrazing and trampling of pasture close to water yards and little use of pasture away from water yards. They also mentioned the factors that rationalized the continuation of open grazing system by the Baggara of western Sudan such as mud and irritating flies as push factors and good pasture and free water as attracting factors. Hans Ruthenberg (1976) indicated that the practice of unorganized communal grazing is the central problem of overgrazing, that is in the long run reducing the carrying capacity of the grazing area through overstocking.
The consequences of open grazing were tested by Heady (1975) who mentioned that too many poorlymanaged animals will cause overgrazing and vegetation deterioration through several commonly accepted stages. The most palatable species selected first and the continuous of the practice reduce the vigor of the plants. The space vacated by desirable species became the expanded home of less desirable species, and annual invaders. The drawback of open grazing in relation to time of use and damage was mentioned by Suleiman and Darrag (1982) , that the nomads in the Sudan do not bother themselves with the proper time of grazing. In most cases they graze an area when the plants are not ready for grazing. Sometimes they graze when the soil is too wet, and this eventually cause damage to both plants and soils. Ibrahim (1962) mentioned the consequences and the degradation related to nomadism under open grazing system and stated that the major causes of ecological degradation in the Sudan is overstocking which led to overgrazing damages, subsequent depletion of palatable grasses and tree species and the destruction of soil-water balance and causing microclimate changes.
In the fragile environment of western Sudan there has been a controversy on whether sedentrization is better than nomadism, when it comes to practice and utilization of the limited resources of the area (Elham, 1988) . The advocators of nomadism believe that the seasonal migrations involved in this mode of life allow more rational utilization of the resources. The opposers of nomadism, however, allege that the settlement of nomads brings about a better ecological balance, gives a better living conditions for the settlers through the provision of social and economic services. Pastoral cultures are associated with nomadism, with individual families or groups shifting from one place to another and with the season in response to the availability of forage and water or in some cases to avoid insects, (Lewis, 1961) .
It is argued that grazing animals are powerful tool for a rangeland manager to use to either retain or alter species composition of grassland, (Whalley, 2000) . Different grasses have different leaf stem ratio at least for some species. Those with lower ratios have slower growth rates than more valuable leafy species (Gardener, 1998) .There is an increasing evidence, that grazing at high stocking densities for short periods of time followed by long periods of rest in appropriate seasons will swing the competitive balance in the direction of the leafier, faster-growing species and so produce a change in species composition (Whalley et al., 1999) . Furthermore, determination of the ability of pasture to support livestock production in grazing land is important because the number of animals has an effect on the quantity of forage available to the grazing animals, thereby affecting intake and animal performance.
Attempts have been made in several African communities to encourage conservative land use, as was reported by Hunter (1990) . The vegetation percent composition as a measure for determining the types and kinds of the natural pasture was of crucial importance. Humphrey, (1991) stated that the availability of pasture, the structure of the sward and nutritive values of its components reflects the characteristics of the species percentages and the environment which determines its senescence. Thus, the percent vegetation species composition is a measure and an indicator of range status in term of grasses, forbs and browse. Under Sudan's savannah, the pasture is composed of annual grasses with some forbs species. Le Houerou,(1980) and Skerman (1965) showed that in the Baggara country of Kordofan and Darfur, where this study was conducted, grasses are high especially in the wooded grasslands of the poor savannah ecological zone. Forage from the natural rangelands in the Baggara communal land plays a vital role in providing feed to the livestock. The vegetation types and distribution , in the study area, are closely associated with rainfall, as the amount of rainfall increases from north to south, so do respective types, heights and diversity of the overstorey and under-storey vegetation, (El-Hag et al, 2003) . The following shrubs and trees species are dominated on the sandy soils in the northern parts of the study area: On native rangelands, a greater number of available plant species mean that cattle and sheep have more feeds to choose from. Thus, in large fields, cattle can adjust their diets and select plants that are more palatable and nutritious as the grazing season progressed. Holechek (1983) noted that in open park lands pastures, as dry season progresses, cattle diets contain greater proportions of forbs and shrubs. Forage stands are not diverse as seeded stands, but generally have a narrow season of palatability and this can create livestock nutritional problems. Moreover, the quantity and quality of the forage become more critical in the dry summer season and imposes more serious constraints to the development and productivity of these animals, (Darrag, 1995) .
The type of soil may influence the composition of the pasture especially its mineral contents. Plants normally react according to the status composition in the soil. So, the quality of the forage is controlled by the mineral composition. (ARC,1980) . Plants often do not satisfy animal requirement of the grazing cattle, (McDowell, 1992) .The same author stated that adequate intake by the grazing ruminants is essential to meet the minimum mineral requirement. In most tropical areas, mineral deficiency, imbalances and toxicities severely inhibit livestock production. The most important macro elements for livestock raised on natural semi-arid rangelands are calcium and phosphorous. Calcium is the most mineral element found in the animal body and is required in large quantities in addition to phosphorous. Many grasses contain adequate amounts of calcium, but legumes usually contain more calcium than other grasses and herbs. Dougall et al, (1964) found that average phosphorous concentration is less than that in legumes. Phosphorous deficiencies were reported by Fadellala, (1987) in the Baggara sheep studied in the low rainfall woodland Savannah of south Kordofan.
The objective of this study was to assess the quality of the pasture in terms of vegetation types by direct measurement of the pasture species composition and animal diets botanical composition to be used as indicators for pasture status in the semi-arid rangeland of the Sudan. Moreover, assessment of Ca and P in animal diet was another objective of the study
MATERIALS AND METHODS Study area:
The study was conducted in the Baggara belt of Dar Rezaigat communal land of South Darfur State. The area is located in the low rainfall woodland savannah between latitudes 9°-30́ and 11°-45́ north and longitudes 25°-30́ and 27° with an annual rainfall ranging between 400 and 600mm ( Fig. 1) .
Open communal grazing of the livestock is a pattern of range use that prevails in this area. The nomads usually move with their livestock between the wet and dry season grazing locations in the north and south of the Baggara country. This parameter was determined by the use of the Parker loop method (Parker,1951) . Measurements were obtained as a percent hit of each plant species along the line transect or inside the 1 m² quadrate. Percentages of plant species were finally classified as grasses, forbs and browse. 2-Diets botanical composition: Diets selected by the free-grazing livestock (cattle, goats and sheep) in the wet and dry season grazing locations, were determined by the Bite-count Method (Van Dyne 1968) . The method used to asses livestock diets botanical composition involved close observation of individual animal type selected from the herd. The animal was closely followed by an observer who identified and recorded the type and number of any plant chewed by the specific animal. Each animal was followed for two consecutive days in the morning and in the evening for 10 minutes each time and recorded in a sheet containing columns showing grasses, forbs and browse. Averaging the percentages of each plant species from the 100 readings of the animal bites will give the percentages of plant species selected by the different animal type as diets botanical composition.
Diet quality in terms of Ca and P:
The plant species selected by each animal through the Bitecount Method were mixed together according their percentages included in each bite. Chemical analysis was performed on the samples for Ca and P determinations according to Chapman and Pratt (1961, 1968) .
Data obtained from the field measurements (percent species composition and percent diet composition) were transformed using the Arc-Sin technique and statistically analyzed using the SPSS Multivariate Method and means were separated using the Duncan's Multiple -Range Test (Steel and Torre, 1980) .
Study area

RESULTS AND DISCUSSION
As indicated in table1, generally grasses dominated the range (63-78%) , followed by forbs (10-18%) and browse (9-19%). Percent composition of forbs and browse were almost similar. Grasses were significantly (P< 0.01) higher than forbs and browse both in early and late season grazing. Grasses and browse where higher in the second year regardless of the season. Forbs, however, were higher during the first year of the late season only. The availability of the pasture, the structure of the sward and nutritive values of its components reflect the characteristics of the species percentages and the environment which determine their growth and senescence (Humphrey, 1991) .
Vegetation percent composition is the measure and indicator of range status in term of grasses, forbs and browse. Grasses and forbs are collectively known as herbaceous vegetation.
Information obtained on the botanical composition of the grazing animals diets is essential for optimal allocation of forage to different types of herbivores, selecting types of grazing animals compatible with the forage resources, selecting species required for reseeding on deteriorated ranges, predicting the outcome of overgrazing by different animals, in identifying key species on which to base management and in determining the suitability of exotic animals for particular range type. The diet botanical composition of the livestock reflects a direct species composition of the natural rangelands, but it differs to some extent according to the livestock preferences in selecting these species.
Higher values of grasses in this study were in line with what was reported by Suleiman, (1987) Most of these grasses are considered as the main sources of livestock feed in these areas, especially during the late dry summer seasons. Elnour (2007) showed that goats usually use grasses during rainy season but in the dry summer, 60% of its diet composed of grasses and the rest reflects the amount of forbs and succulent browse.
Animal diet percent composition, as indicated in table 2, showed that grasses were significantly higher (P< 0.01) during the first year, whereas forbs and browse were significantly higher (P< 0.05) during the second year. It should be recalled that during the second year rainfall averaged 825 mm which was almost double to that in year1 ( 430 mm). This may explain why higher percentages of forbs and browse were significant during the second year since in the late dry season heavy grazing might be exerted on those species in the presence of less nutritious dry grasses.
Cattle and sheep diets on grasses were highly significant (P< 0.01) over goat diets, whereas forbs as diet for sheep and goats was significantly higher (P< 0.05) over cattle. On the other hand, goat diet was significantly (P< 0.01) dependent on browse in comparison to cattle and sheep. This would largely reflect animal behavior in grazing since cattle depends mainly on grasses, whereas goats on browse and sheep depends heavily on forbs and grasses. This variation in animal behavior feeding would show the importance of having a mixed herd under open grazing system to fully utilize the different vegetation composition available in the range.
Forbs composition in the animal diets was not affected by seasons or diets selected by the freeranging animals. Although, forbs have higher levels of Crude protein and phosphorous but sometimes containing poisonous compounds and in certain stages of growth it may be toxic to some ruminant's livestock. As dry season progresses browse is considered a major constituents of livestock diets especially during late dry summer. Browse trees and shrubs were the only solution for improving the quality of the animal feed in addition to forage shortages.
The percent species composition as a measure and an indicator of range status is a useful and easy method for obtaining such information. The livestock diet botanical composition is also a good indicator as it involves animal in studying the pasture species composition and definitely reflects a direct species constituents of the natural rangelands but it differ to some extent according to livestock preferences in selecting these species.
The reason behind the higher values of browse in the livestock diets during the late dry summer and lower values in cattle and goats diets during early dry summer is due to the fact that, in the wet grazing sites, the forage provides adequate amount of nutritious feed to cattle and sheep in the form of grasses which is preferred by these types of animals.
In the late dry summer the nutritive values of the grasses decreased and may become scarce during this period at some locations. Cattle and sheep move to graze and sometime browse on shrubs and trees foliages, while goats browse all time. Higher intake of forbs and shrubs were observed in some areas within the Sahel and semi-arid zones (Nyamangara and Ndlovu 1995).
Calcium concentration in the simulated diets as presented in Table 3 ranged from 0.4 to 2.73 %. Calcium concentration in the three animal diets showed no difference due to the effect of years, seasons of the two years and between the different simulated diets collected from the field.
Phosphorous concentration ranged from 0.044 to 0.56 % and it showed highly significant differences at (p<0.07) due to the effect of seasons and the different animal diets. It showed that phosphorous concentration contained in the simulated diets was higher in the first year compared to the second year. McDowell (1992) , stated that minerals play a unique role in animal nutrition because they are essential for the utilization of energy and protein biosynthesis of the essential nutrients. The quality of forage is controlled mainly by its mineral composition. Forage often do not satisfy mineral requirement of grazing cattle, so adequate intake of forage by the grazing ruminant is essential to meet mineral requirements (McDowell, 1996) .It is found that in most tropical pastures mineral deficiencies severely inhibit ruminant livestock production. Gomide, (1978) reported that the mineral composition of forage varies according to many factors including soil, differences among species and varieties of plants and seasons of the years.
Phosphorous deficiency is most likely to occur when ruminant graze on natural native forage (Green, 2000) while calcium is adequate in the pasture of arid and semi-arid pasture of the Sahel belt. Ward and Lardy, (2005) showed that phosphorous occur on natural pasture but with lower values in sheep diets and les than goat requirements. Yehia, (2002) in the west-central Sudan recorded a value between 0.233-0.236 percent. Similar results were reported by Fadlalla (1987) in studying the Baggara sheep in the low rainfall woodland Savannah of South Kordofan. In this study the level of phosphorous in the animal diets showed low values which were in agreement with the results obtained by Green, 2000 , Yehia, 2002 ,Ward and Lardy ,(2005 . Calcium is quite sufficient and it was not affected by seasons or years .Small ruminant (sheep and goats) showed highest levels of calcium concentrations. (2.43%) in the sheep diets, (2.27 %) in goats followed by cattle diets (1.13%) in the early dry summer of the year 2006/2007. In comparing these results with that in the year 2007/2008, goats diets showed highest values of calcium concentrations during late dry summer of the two years. Goats usually depend on browse during peak dry summer while sheep and goats were selective grazers.
High calcium mean values obtained in this study in the Baggara country of Dar-Rezaigat communal land might mean that ,calcium as a micro-mineral element, is abundant in all pasture all the year round , especially in small ruminants diets . Since the average phosphorous content in grasses is less than that in legumes (Dougall et.al,1964) and because the study area was dominated by grasses , which comprise more than 80% of the vegetation ,this will confirm the lower values of P. phosphorous deficiency in this type of pasture was also reported by Fadlalla (1987) .
CONCLUSIONS
It could be concluded that livestock diets botanical composition was composed of pure herbaceous plant species during rainy and early dry summer seasons. In late dry summer season diets composition were a mixture of herbaceous and browse vegetation.
Although, the percent species composition of the natural pasture provides an indicator of range composition in term of grasses forbs and browse, livestock diets botanical composition could be used as an indicator for pasture status or range condition.
In attempt to elucidate the current seasonal changes on forage quality as shown in the assessment of some mineral concentrations in the simulated animal diets, chemical analysis was used. The study gave strong evidence in that, marginal and fragile environment provide enough feed for livestock but lacking phosphorous, although the pasture is rich in calcium and there is no reported cases in livestock utilizing these types of rangelands .The study showed that there is a great variations in the concentrations of calcium and phosphorous with the advancement of the dry summer season and between years.
The results showed and confirmed that phosphorous is the element most deficient in the semi-arid rangelands -especially in the Baggara country of Kordofan and Darfur .Calcium is considered available during all seasons of the years. The above parameters could be very useful in designing range management practices, such as selecting species required for reseeding deteriorated range and in identifying key species that will form a base for range management.
